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~st er N ewm.an 
Zooplankton samples were collected from 166 Oregon 
lakes. The lakes included a wide range in size, trophic 
status, and water quality. Lakes were located throughout 
the state. Zooplankton were identified using standard 
taxonomic keys and counted. Seventy-four species were 
identified from the 200 total samples, including 32 species 
of cladocera, 22 copepods, and 11 rotifers. Two species of 
copepod were recorded for the first time in Oregon: 
Diaptomus mississippiensis and Diaptomus pallidus. Seven 
species had widespread distr.ibutions throughout most of the 
watersheds in the state. Seventeen other species had 
distributions restricted to eastern, central, or western 
Oregon. The remaining species were either rare or had 
random distributions. 
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Zooplankton community structure was related lake to 
lake by both coefficient of community and percentage 
similarity. Coefficient of community was found to better 
describe community structure in this study. Diversity was 
measured by the Shannon Weaver index and also as the total 
number of species per lake. Polynomial regression revealed 
a quadratic relationship between the two. Species number 
was regressed as the dependent variable using morphometric 
and chemical parameters as the independent variables. 
Species associations were found using recurrent group 
analysis and Cole's coefficient of interspecific 
association. This study will serve as a basis for further 
examination of zooplankton distribution and community 
structure in Oregon. 
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INTRODUCTION 
This study represents the initial statewide 
examination of lacustrine zooplankton distribution in 
Oregon. A species list of crustacean and rotifer plankton 
found in these lakes is included. This list will serve as a 
data base for further lake zooplankton studies. The results 
from statistical tests such as diversity and similiarity 
indices, and multivariate analysis will serve as a starting 
point for further studies and experiments. 
The distribution of zooplankton in North American 
freshwater lakes has been of interest to aquatic biologists 
for many years. Western Canadian lakes have been examined 
by Carl (1940), Anderson (1971, 1974), and Patalas and Salki 
(1973). Eastern Canadian lakes were intensively 
investigated by Carter et al. (1980) for crustacean and 
dipteran species and Carter et al. (1988) for crustacean and 
rotifer assemblages. Chengalath ~Ill.. (1984) investigated 
lakes in insular Newfoundland for crustacean and rotifer 
distributions. Other crustacean studies in Canada were done 
by Patalas (1971, 1975). Many areas in the United States 
have also been researched. Colorado, in particular, has 
been extensively studied due to the wide geographical 
variation within the state (Pennak, 1957; Patalas, 1984; 
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Sprules, 1972). Cole (1960) surveyed 35 lakes in Arizona 
for Diaptomus distribution. Planktonic communities in 
Florida have been studied by Bays and Crisman (1983) and 
Brezonik et al. (1984). The Pacific Northwest of the United 
States has received little attention in research on the 
distribution of zooplankton species. Whittaker and 
Fairbanks (1958) conducted a survey in S.E. Washington of 40 
water bodies. They were among the first to use standard 
terrestrial ecological methods of analysis on lake 
communities. Tash (1971) studied 10 lakes in the Upper 
Klamath River Basin. However this project was limited in 
scope. Harris (1979) examined 18 lakes and ponds in the 
Lower Snake River drainage. The sites sampled included many 
diverse lake types found within the area. 
Large-scale studies that include zooplankton are 
relatively rare, especially in the United States. Most 
projects involve lakes in a limited geographical area 
containing lakes similar in nature. The results are then 
extrapolated to form general concepts which may not be true 
for other locales. On the other hand, patterns that are 
revealed in large scale studies can be significant and 
meaningful for widespread areas (Collins et al., 1983). 
Carter .a.t. .a.l. (1980) and Bays and Crisman (1982) were the 
among the first to conduct studies that cover a wide 
geographic region. These studies took into consideration 
lake morphology and chemical and biological parameters to 
help explain the diversity and distribution of the 
zooplankton populations. 
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The present study covers the entire state of Oregon, a 
diverse geographic area. A total of 166 lakes were 
surveyed. The sites included coastal lakes, volcanic lakes 
in the Cascades, glaciated lakes in the Wallowas, and lakes 
in the desert of Eastern Oregon. These lakes exhibited 
extreme ranges in trophic status (ultraoligotrophic to 
hypereutrophic), altitude, size, and depth. 
Most of the past studies merely identified the 
zooplankton and listed their abundances and dominance. In 
the 1970's, more complete analyses of community composition 
were initiated. Analyses included indices of similiarity, 
indices of diversity, coefficients of community, and species 
asaociationa. In the late 1970's analyses were done using 
computer packages such as the Statistical Package for the 
Social Sience (Nei et ~-, 1975) and BMDP Statistical 
Software (Dixon, 1985). Using such programs, the 
zooplankton data are related to measured chemical and 
biological parameters. Zooplankton distribution then can be 
explained and related to conditions found in the lakes. 
MATERIALS AND METHODS 
Zooplankton samples were collected from 166 Oregon 
lakes (Figure 1, Table I). Host of these samples were 
collected during a Portland State University study to 
classify the lakes of Oregon. The majority of the samples 
were collected during the summer months (June through Sept.) 
of 1981 through 1984. The sampled lakes were selected based 
primarily on size and most ranged between 40 acres and 
80,000 acres. Some smaller lakes were included in the study 
due to their location or local significance (Johnson et al., 
1985). Forty-two of these lakes were termed "significant" 
due to size, public familiarity, and recreational usage. 
These lakes were sampled up to three times. The other 124 
lakes were sampled only once. A single sample is sufficient 
to give a good representation of the species found in each 
lake. It has been found from comparing a series of samples 
collected over a period of years, that while relative 
abundances of the species will vary, the species composition 
will remain fairly constant (Carl, 1940). Due to logistic 
problems in a widespread geographical study only one sample 
was collected from the majority of the lakes. Most 
zooplankton distribution studies that cover large areas 
































































































































































































































































DRAINAGE BASINS AND ASSOCIATED LAKES 
Drainage Basin No. of lakes 
1 Mid Coast 12 
2 South Coast 11 
3 Willamette/Sandy 34 
4 Umpqua 3 
5 Rogue 9 
6 Deschutes 39 
List of Lakes 
Cleawox, Clear, Collard, 
Devils, Eckman, Mercer, 
Munsel, Siltcoos, Sutton, 
Tahkenitch, Triangle, 
Woahink 
Beale, Croft, Eel, Floras, 
Garrison, Lower Pony Creek, 
No. Tenmile, Tenmile, Upper 
Pony Creek 
Averill, Big, Blue River, 
Breitenbush, Clear, Cottage 
Grove, Cougar, Detroit, 
Dexter, Dorena, Elk, Fall 
Creek, Fish, Gold, Henry 
Hagg, Hills Creek, Lava 
Camp, Leaburg, Lost, Lower, 
Lower Eddeeleo, Lower Erma 
Bell, Marion, Mink, Oswego, 
Pamelia, River Mill, Scott, 
Smith, Timothy, Torrey, 
Trailbridge, Upper Eddeeleo, 
Waldo 
Diamond, Lemolo, Loon 
Applegate, Agate, Emigrant, 
Fish, Island, Lost Creek, 
Selmac, Squaw, Willow 
Antelope Flat, Billy 
Chinook, Blue, Clear, 
Charlton, Crane Prairie, 
Crescent, Davis, Deer, 
Doris, East, Haystack, 
Horseshoe, Irish, Island, 
Lava, Little Cultus, Little 
Lava, Middle Green, Monon, 
North Twin, Ochoco, Odell, 
Ollalie, Paulina, Pine 
Hollow, Prineville, Rabbit 
Valley, Rock Creek, 
Simtustus, Sparks, South 
Twin, Summit, Suttle, 
7 
TABLE I 
DRAINAGE BASINS AND ASSOCIATED LAKES 
(continued) 




10 John Day 
11 Malheur Lake 
12 Grande Ronde 
13 Powder 











Three Creeks, Todd, Upper 
Tumalo, Walton, Wickiup 
Agency, Boyle, Bumphead, 
Devil, Euwana, Fourmile, 
Gerber, Howard Prairie, 
Hyatt, Lake of the Woods, 
Miller, Obenchain, Round 
Valley, Spring, Strawberry 
Upper Klamath, Willow Valley 
Abert, Crump, Dog, Drews, 
Goose, Hart, Pelican, 
Summer, Thompson Valley 
Cold Springs, McKay 
Magone, Olive, Penland 
Chickahominy, Delintment, 
Fish, Mann, Rock Creek 
Glacier, Jubilee, Langdon, 
Minam, Mirror, Morgan, 
Wallowa 
Anthony, Balm Creek, Fish, 
Phillips, Thief Valley, 
Unity, Wolf Creek 
Beulah, Bully Creek, 
Cottonwood, Malheur Res., 
Warm Springs 
Antelope Res., Owyhee, Upper 
Cow Creek 
Carter !U._ Al.., 1980; Chengalath et al., 1984; Carter et 
Al.., 1986; Stoddard, 1987). A total of 200 samples were 
taken for this study. 
The zooplankton samples were collected at 
approximately the deepest part of the lake during daylight 
hours with a conical plankton net of No. 20 mesh and with a 
20 cm mouth diameter. The net was drawn from two times the 
Secchi disc depth to the surface in a vertical tow. If the 
lake bottom was shallower than this, vertical tows were 
taken from the bottom. This procedure should result in 
samples consisting only of limnetic species. The samples 
were first preserved in ethanol and later transferred to 4% 
buffered formalin. 
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The crustacean and rotifer plankton were identified to 
species, except for the early larval stages. Other rare 
plankton collected were identified to the nearest taxon 
possible. Taxonomic keys used were: Brooks (1957), 
Edmondson (1959), Deevey and Deevey (1971), Brandlova tl tl. 
(1972), and Pennak (1978). The entire sample was counted. 
Various standard chemical and morphological parameters 
were measured for each lake. The complete raw data for all 
these parameters can be found in the Atlas o.f. Ore~on Lakes, 
(Johnson .a.t. .a.l., 1985). The chemical data were collected on 
the same day and at the same site as the zooplankton. 
The coefficient of community (Jaccard's Index) was 
calculated from the formula 
CC = c/(a+b-c) x 100 
where a is the number of species in the first sample, b is 
the number of species in the second sample, and c is the 
9 
number of common species (see Pielou, 1984). This test 
measures the species common to both community samples. This 
type of test uses only presence-absence data. It is 
preferred for use when gross differences in species 
composition are of interest (Westman, 1985). 
The percentage similarity of community was calculated 
from the formula 
PSc = 100 - . 5 2:_ \a - bl = L min ( a, b ) 
where a and b are, for a given species, the percentages of 
samples A and B which that species represents (Whittaker and 
Fairbanks, 1958). This test gives weight to the abundance 
of each species in the community. One problem with this 
measure is that it tends to be biased towards the more 
abundant, common species (Omori and Ikeda, 1984). 
The diversity index was obtained using the following 
formula of Shannon-Weaver: 
DI = - 2= (Pi ln Pi) 
where Pi is the proportion of a given species in the sample 
(Poole, 1974). This index was selected over other diversity 
indices since this is sensitive to rare and intermediate 
species abundances. This index is sensitive to the evenness 
of abundances (meaning communities with equal species 
abundances are considered more diverse) as well as the total 
number of species present (communities with a greater number 
10 
of species are considered more diverse). 
Diversity was also determined by counting the number 
of species per lake. According to Poole (1974) "the number 
of species is the only objective measure of diversity." The 
two measures of diversity (Shannon-Weaver and species 
number) were compared using polynomial regression (SPSS). 
The number of species per lake was then compared with the 
physical and the chemical parameters (as the independent 
variables) using stepwise multiple regression (BMDP2R). In 
stepwise multiple regression the independent variables are 
added one at a time. They are selected on the basis of the 
amount of variance accounted for in the dependent variable. 
The physical and chemical data used are listed in Table II . 
Most of these data were transformed using X"= ln (X + 1) to 
normalize the distribution. The transformed variables are 
normally distributed, as is required by the polynomial and 
multiple regression models. The transformation also allows 
zero values to be used. The only parameters that were not 
transformed were elevation, surface temperature, and pH. 
Species associations were determined using Recurrent 
Group Analysis (RGA) (Fager and McGowan, 1963): 
J 1 
I = 
VRa Rb 2 '1Rb 
where J is the number of joint occurrences, Ra is the total 
number of occurrences of species A, Rb is the total number 
TABLE II 
LAKE MORPHOMETRY AND WATER QUALITY MEASUREMENTS 
(From Johnson !U. .a.l., 1985) 
Area (hectares) 
Elevation (meters) 
Maximum depth (meters) 
Volume (cubic hectometers) 
Surface Temp. (oC) 
pH 
Secchi Disk (meters) 
P04 (ug/l) 
Chlorophyll a (ug/l) 
Alkalinity (mg/l) 
Conductivity (umhos/cm) 












































of occurrences of species B, and species are assigned 
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letters such that Rb ~Ra. Values of greater than 0.50 are 
considered significant by most other workers. Species that 
occurred in less than four samples were not considered using 
this method. 
Another test of association is Coles' C? (1949): 
ad - be 
C7 = 
( a + b) ( b + d) 
where a is the number of joint occurrences, b is the number 
of occurrences of species A, c is the number of occurrences 
12 
of species B, d is the number of samples with neither 
species. Species are assigned letters such that species A 
is less frequent than species B. The equation is valid as 
long as ad ~be. Standard error (SE) for this test is 
SE = V ( a + c) ( c + d) ---------------------n ( a + b) ( b + d) 
where the n is the number of total samples. The C7 value is 
significant when twice the standard error is less than the 
value (C7 - 2 SE L 0). Species which occurred in less than 
four samples were not used in this measure. 
RESULTS 
Seventy-four zooplankton species were identified from 
the 166 lakes sampled for this study. Thirty-two of these 
species were cladocerans, 22 were copepods (16 calanoid, 6 
cyclopoid), 11 were rotifers and the remainder were water 
mites, insect larvae, a species of amphipod, and Artemia 
salina. The average number of species per lake was 5.95, 
with lakes containing from 1 to 13 species. Nine of the 
species found are considered littoral species. They were 
collected from shallow lakes, from lakes with macrophytes on 
the bottom near the sampling area, or lakes where the 
zooplankton tow wae from the bottom. Each was found in only 
two or three lakes and they were rarely dominant. Appendix 
A lists, by lake, all the zooplankton species found. 
Table III lists the crustacean species found, the 
number of samples where each species was present, and the 
number of samples where it was dominant. Dominance is 
defined as being greater than 10% of the total population 
(Patalas, 1971). Bosmina longirostris was the most common 
crustacean. It was found in 91 samples, and was dominant in 
51 samples. The most common copepod was Cyclops 
bicuspidatus thomasi, a cyclopoid copepod. It was found in 
86 samples and was dominant in 40 of these samples. The 




FREQUENCY OF OCCURRENCE OF CRUSTACEAN 
SPECIES IN 166• OREGON LAKES 
Species No. of Lakes 
in which % in which % 
sp. occurs sp. dom. 
BQsmioa lQogiIQSttis 91 45 51 26.5 
Daphnia galeata 
meodQtae 86 43 38 19 
CvclQPS bicusoidatus 
thomasi 86 43 40 20 
Daphnia schQedleti 78 39 51 25.5 
Daphnia IQsea 52 26 27 13.5 
DiaotQmus DQvam~~icaous 50 25 28 14 
QjapbanQsoma 
l~ucht~nb~rgianum 50 25 15 7.5 
Epischura nevadensis 49 24.5 17 8.5 
ChvdQrus sphaericus 46 23 7 3.5 
Daohnia pulicara 46 23 26 13 
Holopedium gibberum 32 15.5 21 10.5 
DiaptQmus forbesi 30 15 11 5.5 
Mesocyclops ~ 22 11 9 4.5 
Diaptomus tyrrelli 20 10.0 15 7.5 
LeptQdQra kindtii 20 10 0 0 
CvclQps vernalis 19 9.5 5 2.5 
DiaobanQsQma bracbvurum 19 9.5 10 5 
DiaotQmus franciscanus 17 8.5 6 3 
MacrQcvclQPS albidus 17 8.5 1 0.5 
Eubosmina hagmanni 16 8 9 4.5 
C~tiQdaobnia I~Qticulata 15 7.5 6 3 
C~riQdaoboia guadtaogula 15 7.5 5 2.5 
Daohnia pulex 13 6.5 7 3.5 
DiaptQmus ashlandi 13 6.5 8 4 
DiaotQmus hesperus 12 6 5 2.5 
C~tiQdaohnia aff iois 11 5.5 5 2.5 
DiaptQmus sicilis 11 5.5 9 4.5 
EucyclQos agilis 11 5.5 3 1. 5 
DiaotQmus keoai 11 5.5 5 2.5 
Daohnia parvula 8 4 2 1 
c~riQdaohoia lacusttis 7 3.5 5 2.5 
PQlyphemus pediculus 6 3 1 0.5 
Qaphoia ambigua 5 2.5 2 1 
C~tiQdaobnia acaotbina 4 2 1 0.5 
Dapbnia magna 3 1. 5 0 0 
Qapbnia rettQcurva 3 1. 5 2 1 
DiaptQmus leptopus 3 1.5 1 0.5 
DjaptQmus QregQnensis 3 1. 5 1 0.5 
TABLE III 
FREQUENCY OF OCCURRENCE OF CRUSTACEAN 
SPECIES IN 166* OREGON LAKES 
(continued) 
Gi:aotQlebei:is 
t~s:t!.ld iniu ia 3 1. 5 
Leydigia 3 1. 5 
Si.d..a. ci:vst.allina 3 1. 5 
TrgpocyclQP§ ora§inus 3 1. 5 
Alona rectangula 3 1. 5 
AlQna sp. 2 1 
AlQDa guadi:angulai:is 2 1 
Diaptomus signicauda 2 1 
Artemia salina 1 0.5 
Cbydorus globosus 1 0.5 
Daphnia similis 1 0.5 
Diaptomus eiseni 1 0.5 
DiaptQmys 
mississiooi~nsis 1 0.5 
Diap:!;.Qmus nudus 1 0.5 
DiaptQmus pallidys 1 0.5 
Eui:ycei:cus lamellatus 1 0.5 
Hyalella azteca 1 0.5 
Latona setifera 1 0.5 
SQaobQl§b§ri!ii kingi 1 0.5 









































samples). It was dominant in 28 of the samples. There were 
four Dapbnia species that were commonly found: Da,phnia 
galeata mendQtae (86 samples), Da,phnia scboedleri (78 
samples), Daphnia i:osea (52 samples) and Daphnia puliQatia 
(46 samples). Other common crustaceans found were 
Diaobanosoma leuQbtenbei:gianum (50 samples), EpjsQbui:a 
neyadensis (49 samples), and Cbydoi:us sphaei:icus (46 
samples). 
Table IV lists the same information for the rotifer 
species. Kellicottia longisoina was by far the most common 
TABLE IV 
FREQUENCY OF OCCURRENCE OF ROTIFER 
SPECIES IN 166* OREGON 
LAKES 
Species No. of Lakes 
in which % in which 
sp. occur sp. dom. 
Kellicottia longispina 72 36 62 
Keratella guadrata 25 12.5 18 
Asplanchna sp. 15 7.5 10 
Keratella cochlearis 12 6 8 
Branchionus guadridentata 7 3.5 3 
Trichocerca cylindrica 6 3 5 
Kellicottia bostoniensis 4 2 3 
Conochilus sp. 4 2 4 
Platyias patulus 2 1 1 
Polyarthra sp. 2 1 2 
Trichocerca sp. 2 1 2 













Dominance = more than 10 % of all rotifer species 
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rotifer species; it was found in 72 samples and was dominant 
in 62 of them. Keratella quadrata was the next most common; 
it was found in 25 samples and dominant in 18 samples. The 
other nine rotifer species were found in 15 or fewer samples 
and dominant in no more than 10 samples. In most of the 
samples there was only one species of rotifer present. In 
only 27 of the samples were two species found together, only 
nine samples had three species, and there was only one lake 
sample that had four species of rotifer. Hore than four 
rotifer species were not found together in any of the 200 
samples. 
17 
COEFFICIENT OF COMMUNITY 
The coefficient of community (CC) was used to relate 
lake zooplankton communities to each other. The species are 
related using only presence-absence data, not abundances. 
In this way the rare species are not ignored and sample size 
will not affect the index. The results of this calculation 
are listed in appendix B. Only the highest CC is listed for 
each lake. The higher the coefficient of community the more 
similiar are the zooplankton communities of the two lakes. 
The highest CC found was 100. A CC value of 100 means both 
lakes had exactly the same species. This occurred only 
once, between Torrey Lake and Breitenbush Lake. The lowest 
CC found that was the highest CC for two lakes was 25.0. 
This was the relationship between Sparks Lake (7/20/82) and 
Garrison (8/3/81), and between s~mples from Sparks Lake 
taken on 7/20/82 and 8/21/81. The average coefficient of 
community was found for each lake, versus lakes within the 
same watershed and for lakes outside of the watershed. For 
165 lakes the mean CC was greater for lakes within the same 
watershed. This meant that the lakes within the same 
watershed had species that were more similar to each other 
than when compared to lakes outside the watershed. 
PERCENTAGE SIHILIARITY 
Percentage similiarity (PSc) was also used to compare 
lakes on the basis of zooplankton assemblages. This index 
18 
uses abundance values, not the presence-absence information 
used in coefficient of community. The highest value for 
each lake is listed in Appendix C. The highest value 
between any two lakes was 97.7, found between Fish Lake 
(Malheur Lake watershed) and Lake of the Woods (5/19/82). 
Sparks Lake (7/20/82) compared to itself (8/21/81) had the 
lowest high value of 14.3. 
The two indices of similiarity had very different 
results. Only 21 lake samples were determined to have the 
highest values with the same sample in both indices. 
Breitenbush and Torrey, which had a CC of 100, had a PSc of 
only 40.4. Even though they had the same species 
composition, the abundances were very different. Fish Lake 
and Lake of the Woods which had the highest PSc, had a CC 
value of 11.3. These lakes had a very few species in 
common, but the species in common were abundant. 
DIVERSITY INDEX 
Diversity indices for the individual samples had 
values ranging from 0 to 1.9. This is a measure of both the 
number of species per lake (richness) and the equality of 
the abundances of the species (evenness) (Poole, 1974). The 
values were plotted against the total number of species for 
each lake (Figure 2) and a polynomial regression was 


































































































































































































































regression line was found to give the best fit to the data 
(R2 = 0.855J P < 0.01). 
REGRESSION ANALYSIS 
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The number of species per sample was used in the 
stepwise multiple regression with the physical and chemical 
parameters (Table II) as the independent variables. Using 
this method, the variables that account for the most 
variance in the data will be used first. Four of the 17 
variables used were found to explain a total of 18 % of the 
variation in the total number of species per lake. In order 
of inclusion these were: surface temperature (multiple R2 = 
.05), chlorophyll a content (multiple R2 = .09), potassium 
(multiple R2 = .14), and magnesium (multiple R2 = .18). 
RECURRENT GROUP ANALYSIS 
The results of recurrent group analysis were fairly 
straightforward since there were few species that showed 
associations. There were no values greater than 0.5, which 
most investigators consider indicative of significant 
species associations (Davies, 1971; Venrick, 1971; Sprules, 
1975b; McGowan and Walker, 1979). Fourteen species showed 
association values between 0.40 and 0.50, and are listed in 
Table V. Cycloos biscupidatus thomasi had the most 
associations at this level. It is also the most common 
copepod found in this study. Among the rotifers, only 
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TABLE V 





















































Kellicottia longispina (the most common rotifer) showed a 
significant association with any of the other zooplankton 
species. 
There were three association groups formed, of three 
species each (Figure 3). The first group is Bosmina 
longirostris, Kellicottia longispina and Daphnia galeata 
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Figure 3. Recurrent group analysis showing 
associations between species. Fractions are the 
ratios of the observed number of associations to the 
number of associations possible. (Fager and McGowan, 
1963). 
Daphnia schQedleri, and DiaptQmus noyamexiQanus. The third 
group is Daphnia tQsea, HQlQpedium gibberum and Qiaptomus 
tvrrelli. The first two groups were related because Qapbnia 
galeata mendQtae was also associated with Qaphnia scboedleri 
and CyQlQps biQuspidatus tbQmasi. The second group is 
related to the third group because Bosmina longirostris 
shows affinity with Daohaia rcsea. The remaining five 
species showing significant relationships were all one way 
relationships. Thirty-one of the 40 species examined showed 
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little or no affinity to any of the others. 
COEFFICIENT OF INTERSPECIFIC ASSOCIATION 
Another coefficient of association used was that 
developed by Cole (1949). This uses presence-absence, data 
as recurrent group analysis does. One difference between 
the two is Cole's C7 also uses absence of both species from 
lakes in the equation. A C? value is significantly 
different from random associations when twice the standard 
error is less than the association value. According to this 
criterion, a total of 38 species showed an association with 
at least one other species (Table VI). 
Daphnia schoedleri was associated with nine other 
species. This was the highest number of associations for 
one species. Figure 4. shows the relationship between the 
four major association groups. The largest group contained 
the following four species: Eubosmina hagmanni, Dapbnia 
rosea, Holopedjum iibbberum, and Djaptomus tyrrellj. There 
were three groups with three species each. The first group 
contained Daphnia schoedleri, Diaptomus novamexicanus, and 
Cyclops bicuspidatus thomasi. The second group was 
Mesocyclops ~. Diaptomus franciscanus, and Daphnia 
galeata mendotae. The third group was Brachjonus 
auadrjdentata, Keratella quadrata, and Cerjodaphnia affinis. 
All these groups were related to some degree. The group 
with four species was somewhat removed from the other 
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TABLE VI 
INTERSPECIFIC ASSOCIATIONS USING 











Value ±. 2SE 
.532 ±. .292 
. 504 ±. . 224 
.284 ±. .216 
.263 ±. .212 
.157 ±. .156 
.587 ±. .404 
.561 ±. .268 
.362 ±. .350 
.225 ±. .156 
.172 ±. .164 
. 643 ±. .186 
.569 + .246 
.554 ±. .210 
. 503 ±. .184 
.493 ±. .192 
.230 ±. .202 
.541 ±. .512 
.416 ±. .368 
. 286 ±. .172 
.593 ±. .336 
.593 ±. .442 
.532 ±. .294 
.364 ±. .204 
.350 ±. .296 
.285 ±. .194 
. 222 ±. . 204 
.834 ±. .274 
.338 ±. .242 
.662 ±. .252 
.493 ±. .286 







































INTERSPECIFIC ASSOCIATIONS USING 
COLES'S C? INDEX 
(continued) 
Brachionus quadridentata .443 ± .406 Chydorus sphaericus 
Asplancbna sp. 
CeriQdaobnia aff inis 
Ceriodaohnia 
Ce~iQdaobnia affini~ 
Ce~ iQdaobn ia 
guadrangula 
.382 ±. .216 
.244 ±. .180 
.228 ±. .216 
. 358 ± . 246 
.222 ±. .154 
.289 ± .286 



















.289 ±. .286 
.279 ± .228 
. 214 ±. .166 
.348 ±. .260 
.344 ±. .270 
.326 ±. .310 
.503 ±. .394 
.332 ±. .182 
.410 ± .320 
.351 ±. .232 
.312 ±. .254 
.264 ±. .184 
.558 ± .458 
.303 ± .248 















.454 ± .302 KellicQttia 
bQstQniensis 
.339 ±. .178 MesQcyclops .e.d..ax. 
.333 ±. .194 PiaptQmus 
DQvamexicaaus 
TABLE VI 
INTERSPECIFIC ASSOCIATIONS USING 
COLES'S C? INDEX 
(continued) 
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Dia.ptomus hesperus .291 ± .204 Trichocerca cylindrica 
.262 ± .182 DiaohanQaQma 
brachyurum 
Djaptomus kenaj . 295 ± .194 Polyphemus pediculus 
.293 + .212 Dia.ptomus tyrrelli 
.209 + .172 EubQsmina ha.gma.nni 
Diaptcmus aicilis .273 ± .222 Kera.tella qua,dra,ta 
. 214±.186 Asplanchna sp . 
.196 ± .190 Cyclops yerna.lis 
Diaptomus tYitelli .444 ± . 268 Polyphemus pedjculus 
.167 ± .160 Eubosmina ha,gma,nni 
Keratella cccbleatis .468 ± .250 KellicQttja 
best cm iens is 
.271 ± .170 Diaotcmua ftanciscanus 
.185 ±. .166 EubQsmiaa ha.gmaani 
Keratella auadtata . 347 ± .104 Btachionua 
gua.dx ichmta.ta. 
.273 ± .222 Ceticda.ohnia affinis 
.193 ± .176 Mactccvclcoa albidus 
Mesocyclops .a.d.ax. .503 ±. .302 Kelliccttia lcngisoina 
.438 ±. .248 Kelliccttia 
bcstcniensi::l 
.172 ±. .154 Dia.oha.ncscma 
btachyurum 
groups. This group of four species related most strongly 
with a group of two species (Daphaia a.mbigua and 
Hacrccyclops a.lbidus). The first and second groups of three 
species is directly related due to Oaphcia schcedleti (first 
group) being associated with Daohnia galea.ta. mendotae 
(second group). The third group of three species is related 
to the first group because Keratella. guadra.ta (third group) 
bcedle:ci 
sc "datus bicusp1 
Figure 4. Diagram showing relationships of major 
species groups using Cole's C? interspecific 
association index. 
is associated with Daphnia schoedleri (first group). The 
second and third groups of three species are not directly 
realted. 
Using the Cole C? method there were only two species 
that did not positively associate with any other of the 
species. These species are Ceriodaphnia lacustris and 
Diaptcmus asblandi. 
SPECIES LIST 
This species list consists of all the zooplankton 
found in this study that were identified to species. 
Common zooplankton identified to genus are also included. 
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Rare zooplankton that were identified only to phylum or 
order are not included. This includes the tardigrades, 
ostracods, and some insect larvae. 
Copepoda 
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Diaptomus ashlandi - Found in 10 lakes. Other studies 
(Whittaker, 1958; Anderson, 1974; Harris, 1979) consider 
this species indicative of deep oligotrophic lakes. Wallowa 
Lake is the only lake that fits this discription. The other 
nine lakes ranged from mesotrophic Lake of the Woods to 
hypereutrophic Upper Klamath Lake. Tash (1974) has reported 
it previously in Upper Klamath Lake. 
Diaptomus eiseni - Only found in Rabbit Valley Lake. 
Reported by both Tash (1974) in the Upper Klamath River 
Basin and Harris (1979) in the Lower Snake River drainage as 
a rare species. Previously reported in 7 sites in the 
Sierra Nevada mountains, and showed a significant 
relationship with absence of fish (Stoddard, 1987). It is a 
large copepod easily visible to fish. It is probably more 
widespread than indicated by this study. 
Diaptomus franciscanus - Found in 17 lakes located 
between the coast and the eastern slope of the Cascades. It 
has been found from British Columbia (Carl, 1940; Anderson, 
1971, 1974)) to California (Wilson and Yeatman, 1959). 
Diaptomus forbesi - Found mainly east of Cascades (23 
out of 25 sites). Only found in Emigrant Res. and Hyatt 
Res. west of the Cascades. Anderson (1974) identified the 
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species as coming from shallow, warm, and moderately saline 
lakes. This description matches only one of the lakes in 
this species' distribution (Mann Lake). The other lakes 
were warm (except Minam Lake) but not necessarily shallow 
and only Malheur Res. was slightly saline. 
Diaptomus hesperus - Only found in 9 lakes along the 
coast, a limited distribution. The furthest north was Sutton 
Lake (near Florence, OR) and the furthest south was Beale 
Lake (near North Bend, OR), a distance of 50 miles. Carl 
(1940) found this species only in two locations near the 
British Columbia coast. 
Diaptomus kenai - Located in 11 lakes, all in the 
Cascades. Wilson and Yeatman (1959) describes it as common 
in high altitudes from Alaska to California. Found in 
mountain lakes in Washington (Hairston, 1978). 
Ojaptomus leptopus - Found in three lakes, Elk Lake 
(Deschutes watershed), and Morgan Lake and Wallowa Lake 
(Grande Ronde watershed). Whittaker and Fairbanks (1958), 
Tash (1974), and Harris (1979) found ~- leptopus as a rare 
species in their study areas (S.E. Washington, Upper Klamath 
River basin, and S.E. Washington, respectively). Oregon is 
the southernmost part of its range on the West Coast (Wilson 
and Yeatman, 1959). 
Diaptomus mississippiensis - The present study 
represents the first recorded observation of this species in 
the State of Oregon. Only found in Cleawox Lake, an 
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oligotrophic coastal lake, where it was dominant. A sample 
taken in July, 1986 showed this species still to be a 
dominant member of the limnetic zooplankton. It is known 
from the Southeastern U.S. (Wilson and Yeatman, 1959) where 
it is a common inhabitant in lakes (Beavers and Stavn, 
1975). Found in oligotrophic - mesotrophic lakes in Florida 
(Bays and Crisman, 1983). 
Diaptomus novamexicanus - The most common and 
widespread diaptomid species in this study. It was found in 
41 lakes in 13 of the 15 watersheds (not Rogue and Owyhee 
watersheds). Whittaker and Fairbanks (1958), Tash (1974), 
and Harris (1979) found it in their respective study areas 
in Washington and Oregon. Was found to be indicative of 
eutrophic conditions (Whittaker and Fairbanks, 1958). Found 
in 20 eutrophic lakes, 18 mesotrophic lakes and only three 
oligotrophic lakes. 
Diaptomus nudus - Only collected in Unity Res. 
(Powder watershed). The range (Wilson and Yeatman, 1959) is 
Alaska, Canada, and the Rocky Mt. states. This is the 
second record for ~- nudus in this area (Harris, 1979, was 
first). The range seems to have expanded. 
Diaptomus oregonensis - Found in three lakes: Lake 
Oswego and Cottage Grove Res. in Willamette/Sandy watershed, 
and Squaw Lake in the Rogue watershed. ~- oregonensis is 
one of the more common and widely distributed species in the 
northern U.S. (Pennak, 1978). Carl (1940) found it only 
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rarely in British Columbia, mainly on Vancouver Island. 
Anderson (1974) found it in one lake in the Canadian Rocky 
Mountains. It is a common copepod in N.E. Canada (Carter, 
1971; Carter g_t_ al., 1980) where it was found to be tolerant 
of extremes in lake morphometry, temperature, and water 
chemistry. Found in more productive lakes in northeastern 
Ontario lakes (Keller and Pitblado, 1984). 
Diaptomus pallidus - Agate Lake (Rogue watershed) was 
the only collection site. Species range is the Plains 
states west to Colorado (Wilson and Yeatman, 1959). There 
is no other recorded occurrence for ~- pallidus in Oregon. 
Diaptomus sicilis - Found in 10 lakes, all east of the 
Cascades. Lakes ranged from mesotrophic to hypereutrophic, 
saline to nonsaline. Whittaker and Fairbanks (1958), Tash 
(1974), and Harris (1979) found this species in their study 
areas. Whittaker and Fairbanks (1958) found ~- sicilis 
usually occurs in moderately saline lakes but also occurred 
in two freshwater lakes. Carl (1940) found it in small 
stagnant lakes and temporary pools. Patalas (1971) and 
Carter (1971) found the species in deep, clear lakes and 
regarded it as a cold water form. Anderson (1974) found it 
in a wide variety of lake types (permanent mountain lakes to 
shallow saline prairie lakes). This species tolerates a 
wide variety of conditions. 
Diaptomus signicauda - Found in two Cascade lakes, 
Averill and Monon, located close together. Distribution is 
the mountains of the Pacific coast states (Wilson and 
Yeatman, 1959). Found in British Columbia (Carl, 1940) in 
one lake, but not by other Northwest investigators. It is 
the dominant small-bodied diaptomid in the Sierra Nevada 
lakes, taking the place of~- tyrrelli (Stoddard, 1987). 
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Djaptomns tyrrellj - Found in 20 lakes in four 
watersheds. All lakes except Detroit (478 m) and Suttle 
(1048 m) were above 1400 m elevation; the highest was Mirror 
Lake (2332 m) in Grande Ronde watershed. Detroit Lake is 
downstream from 3 lakes where this species occurs, which may 
explain its presence at the lower elevation. It has been 
found at low altitudes but is less common (Wilson and 
Yeatman, 1959). Anderson (1971, 1974) and Carl (1940) both 
found it to be a widespread and common species in alpine and 
subalpine lakes in western Canada. 
Epischura neyadensis - Found in 40 lakes located from 
central to western Oregon. Found in southeastern Washington 
(Whittaker and Fairbanks, 1959, Harris, 1979) where 
Whittaker found it associated with ~- ashlandi in 
oligotrophic lakes. Lakes ranged from ultraoligotrophic (7 
lakes) to hypereutrophic (2 lakes). From this distribution 
it seems very tolerant of extreme ranges of trophic state. 
Cyclops bicuspidatus thomasi - The most common copepod 
found in this study. Found in 12 of the 15 watersheds in a 
total of 72 lakes. It does not seem limited by any extremes 
in physical or chemical parameters. 
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Cyclops yernalis - Found in 17 lakes (8 watersheds). 
Easternmost distribution is Thief Valley Res. (Powder 
watershed). Other sites were in the Cascades and west to 
the coast. Whittaker and Fairbanks (1958), Tash (1974) and 
Harris (1979) also report this species. It is probably more 
widespread than this study shows but due to sampling methods 
was not encountered. 
Eucyclops agilis - Found in 10 lakes (6 watersheds). 
Fish Lake and Balm Creek (Powder watershed) were the 
easternmost lakes in which it occurred. Distribution 
similiar to ~- vernalis but not as common. This is 
considered a littoral species (Wilson and Yeatman, 1958). 
Macrocyclops albidus - Found in 19 lakes (9 
watersheds). The second most widespread and common 
cyclopoid copepod in ths study. One of the more common 
North American species of copepods (Wilson and Yeatman, 
1959). Species was reported in the Northwest by Whittaker 
and Fairbanks (1958), Tash (1974), and Harris (1979). 
Mesocyclops edax - Found in 19 lakes (5 watersheds). 
As common as ~- albidus but the distribution is not as 
widespread. Most of the lakes were west of the Cascades 
except for Cold Springs and McKay in Umatilla watershed. 
Tropocyclops prasinus - Found in Beale and Eel Lakes 
(So. Coast watershed), and Squaw Lake (Klamath watershed). 
Considered a widespread limnetic species (Wilson and 
Yeatman, 1959) but not common in this study. 
Cladocera 
Alona rectangula - Found in three lakes (three 
watersheds); rare member of the community in all three. 
Alona guadragularis - In two lakes, John C. Boyle 
(Klamath watershed) and Lava Lake (Deschutes watershed). 
Considered a limnetic species or a bottom dweller (Brooks, 
1959). 
Bosmina longirostris - The most common and dominant 
zooplankton species collected. Found in 77 lakes (11 
watersheds). Tash (1974) and Harris (1979) both reported 
this species. A common species throughout the continent 
(Brooks, 1957), also considered an indicator of eutrophic 
conditions (Brooks, 1970). 
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Eubosmina hagmanni - Found in 12 lakes in 4 
watersheds. Lakes ranged from 1184 m (Pamelia) to 2174 m 
(Anthony); 10 lakes were over 1400 m. Found previously in 
Elk Lake and Fish Lake (Rogue watershed) (Deevey and Deevey, 
1971). Never found to co-occur with a. longirostris in this 
study. 
Ceriodaphnia acanthina - Found in four lakes (3 
watersheds). Dominant in mesotrophic North Twin Lake, rare 
in the 3 eutrophic Lakes. Found in Idaho (Harris, 1979) and 
British Columbia (Carl, 1940; Anderson, 1974). Not widely 
distributed. 
Ceriodaphnia aff inis - Found in 11 lakes mainly east 
of the Cascades, except Tahkenitch Lake (South Coast 
watershed). Dominant in five of the locations. Common in 
lower elevation lakes in the Sierra Nevada Mountains 
(Stoddard, 1987). 
Ceriodaphnia lacustris - Collected in seven lakes. 
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Found in Oregon previously (Tash, 1979). Reported as more 
successful in medium to hard water (Carter, .e..t. a..l., 1980) 
though that was not found to be true for this study. 
Ceriodaphnia guadrangula - Found in 15 lakes: three 
lakes on the coast, the rest east of the Cascades. Primarily 
considered a littoral species (Brooks, 1959). 
Ceriodaphnia reticulata - Found in 15 lakes scattered 
throughout the state. Described as a common, widespread 
species (Brooks, 1959). Reported by Tash (1974) and Harris 
(1979) from the Northwest. 
Chydorus globosus - Found only in Haystack Res. 
(Deschutes watershed) as a rare species. 
Chydorus sphaericus - Found in 45 lakes in every 
watershed except John Day, though dominant in only 7 lakes. 
Considered and reported to be the most common and widespread 
cladoceran (Carl, 1940; Tash, 1974; Harris,1979), though 
sometimes not truely planktonic (Anderson, 1974). It was 
not found to be as widespread as other cladocerans in this 
study. 
Daphnia ambigua - Found in five lakes (depth range 5 -
44 m). Reported by Harris (1979) from S.E. Washington and 
Idaho. Known from small ponds or deep waters of stratified 
lakes (Brooks, 1957). Carter et al. (1980) found it in 
lakes of moderate depth (range 9 - 45 m) similiar to the 
lakes in this study. 
Daphnia galeata mendotae - Found in 69 lakes (13 
watersheds). As common as Daphnia schoedleri, but not as 
widespread in distribution. Found to be very common in 
British Columbia (Carl, 1940). Found in the Northwest 
(Brooks, 1957; Tash, 1974; Harris, 1979). More widespread 
in the present study than Brooks (1957) reported. 
Daphnia magoa - Found in three lakes; Pelican Lake, 
Spring Lake and Lake of the Woods. Considered mainly to 
inhabit marginal waters, small lakes, and ponds (Brooks, 
1957). Spring Lake and Pelican Lake are small shallow 
lakes. Lake of the Woods is larger and deeper. 
36 
Daphnia paryula - Found in eight lakes (6 watersheds). 
In eastern Canada, it is known from small lakes of moderate 
depth (Carter, .e..t. .a.l., 1980). The lakes in this study 
ranged from 150 hectares to 1387 hectares in size, from 6.7 
m to 129 m in depth, showing a great morphometric 
difference. The distribution of Dapbnia parvula does not 
seem to be limited by this physical parameter. 
Daphnia pulex - Found in 11 lakes. A common species, 
usually in shallow lakes. Sites were disjointed, not found 
in the northern half of the state. Heavily preyed upon by 
fish (Carter, .e..t. .a.l., 1980). 
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Daphnia puljcaria - One of the more common species of 
Daphnja, found in 44 lakes mainly in southern Oregon. Not 
as common in coastal lakes (Lower Pony Creek) or the North-
central part of the state. 
Oaphnia retrocurya - Found in four large lakes (Drews 
Res., Odell Lake, Owyhee Lake, and Upper Klamath Lake). In 
N.E. Ontario, found in productive lakes (Keller and 
Pitblado, 1984). Known from the Northwest in small lakes by 
Puget Sound (Brooks, 1957). Found by Tash (1974) in Upper 
Klamath Lake. 
Oaphnia rosea - Identified in 45 lakes. Lakes showed 
a wide range in depth (4 to 134 m), elevation (3 to 2246 m), 
and trophic status (ultraoligotrophic to eutrophic). Mainly 
found along the coast or in the Cascades, with a few locales 
in the Blue Mountains. Brooks (1957) considered this 
species a shallow water form. Carter ~.al.. (1980) found it 
in lakes with a maximum depth of at least 18 meters. 
Anderson (1971, 1974) and Patalas (1964) considered it a 
montane species. Stoddard (1987) found it common in high 
elevation lakes in California. 
Daphnia schoedleri - The most common Daphnia species, 
with Daphnia galeata mendotae, in the study (69 lakes). 
Found in all 15 watersheds, making it the most widespread 
species in the study. Reported in the Northwest by Brooks 
(1957), Harris (1979), and Tash (1974). 
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Daphnia similis - Found only in Summer Lake, an alkali 
lake. Found in other alkali lakes in Oregon (Tash, 1979). 
Ojaphanosoma brachyurum - Found in 14 shallow lakes 
(eight watersheds). Reported by Tash (1974) and Harris 
(1979) for the Northwest and Anderson (1974) for the 
Canadian Rocky Mountains. Collected in lower elevation 
lakes in Colorado (Reed and Olive, 1958). 
Djaphanosoma leuchtenbergjanum - Found in 47 lakes (11 
watersheds). Lake depth ranged more for this species than 
for the ~- brachyurum, though in general most lakes were 
shallow. Reported by Harris (1979) for S. E. Washington and 
Anderson (1974) for Western Canada. 
Eurycercus lamellatus - Only from Lava Lake 
(Deschutes). Usually found among weeds. Lava Lake does 
have macrophyte growth along the edges which may explain the 
presence of K. lamellatus. 
Graptoleberis testudinaria - Found in 3 lakes in 3 
watersheds. Lakes all eutrophic, one with extensive 
macrophytes. Similiar to K. lamellatus in habitat. Found by 
Harris (1979) in one lake in S.E Washington. 
Holopedium gibberum - Found in 29 mountain lakes and 
two coastal lakes. Found in mountain lakes in Idaho 
(Harris, (1979). Widely distributed in British Columbia 
(Carl, 1940; Anderson, 1971, 1974) in high elevation lakes. 
The distribution of Holopedium is related to water softness 
(Carter, .e.t. al., 1980) though affected by other parameters 
(Hamilton, 1958; Anderson, 1974; Stenson, 1973). All the 
lakes where this was found were soft-water lakes. 
Latona setifora - Found only in Fish Lake (Powder). 
Usually found among weeds, though Fish Lake has little 
macrophyte growth. 
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Leptodora kindtii - Found in 18 lakes in nine 
watersheds. Lakes mainly in central to western Oregon, 
except Unity Res. (Powder watershed). Harris (1979) 
reported the species from S. W. Washington. Found in Upper 
Klamath Lake (Tash, 1974). May be under-represented due to 
sampling methods. 
Leydigia quadrangularis - Found in three shallow, 
eutrophic lakes. Also known to be found among macrophytes. 
Tash (1974) and Harris (1979) previously reported this 
species in the Northwest. 
Polyphemus pediculus - Collected in five lakes (3 
watersheds). Found in Sierra Nevada lakes (Stoddard, 1987). 
Occurred from 2500 to 3200 m in the Colorado Rockies (Reed 
and Olive, 1958). Collected more abundantly in inshore 
samples by Anderson (1974). Though never found in lakes 
with a pH greater than 7.3 by Carter, .e_t._ a.l.. ( 1980), one 
lake (Crane Prairie) in which f. pediculus occurred had a pH 
of 9.8. 
s.id.a. crystallina - Found in three shallow lakes in the 
Cascades. Usually found among macrophytes (Brooks, 1959). 
These lakes have considerable macrophytes. 
Scapholeberis kingi - Found only in Wallowa lake. 
Considered primarily a littoral species (Brooks, 1959) but 
can be found in the limnetic zooplankton. 
Rotifera 
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Asplanchna sp. - Found in 14 lakes, dominant in five. 
Some species common in the plankton as predators (Edmondson, 
1959). 
Brachionus guadridentata - Found in seven lakes. Host 
members of this genus are littoral (Edmondson, 1959). 
Conocbilus sp. - Found in four lakes, very abundant in 
two. 
Kellicottia bostoniensis - Found in four lakes (three 
watersheds), dominant in three of the lakes. Co-occurs with 
K. lon~ispina in Eel Lake (South Coast watershed). 
Considered a common genus in the limnoplankton, not common 
in shallow waters (Edmondson, 1959). 
Kellicottia longispina - The most common rotifer found 
in the study area. Found in 63 lakes, dominant or the only 
rotifer in 60 of these. Found in all watersheds except 
Umpqua. 
Keratella cochlearis - Found in 12 lakes. Considered 
the most common planktonic rotifer (Edmondson, 1959) though 
not in this study. 
Keratella guadrata - The second most common rotifer. 
Found in 26 lakes, two of these lakes were in the western 
part of the state, the other lakes were all eastern. 
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Platyias patulus - Boyle Res. (Klamath watershed) and 
South Twin (Deschutes watershed) were the only collection 
sites. 
Polyarthra sp. - Found in two lakes, Cold Springs 
(Umatilla watershed) and Monon (Deschutes watershed). 
Dominant in both. Described as being very common in the 
plankton of lakes and ponds (Edmondson, 1959). 
Trichocerca cylindrica - Found in six lakes. The 
genus has many members, most are littoral (Edmondson, 1959). 
Found in non-acid waters in Ontario (Macisaac, 1987). 
Trichocera sp. - Found in two lakes (Suttle and Rock 
Creek, Deschutes watershed). 
Other 
Artemia salina - Found only in Lake Abert. The only 
zooplankter found in this lake due to high salinity. 
Hyalella azteca - The only amphipod found in this 
study. Known to be widely distributed in lakes with 
submerged vegetation (Chace~~-• 1959). Found in Diamond 
Lake which also contained Graptoleberis. Sampling site may 
have been in weeds. 
Chaoborus sp. - Found in 10 lakes in 8 watersheds. 
This insect larval species is a large voracious predator. 
This zooplankter can avoid capture so is probably under 
represented. 
DISCUSSION 
Most of the zooplankton species found in this study 
have been found previously in other lake studies in the 
Pacific Northwest. These species can be grouped according 
to their distribution. 
The first group contains those zooplankton that were 
found throughout most of the study area. These include 
Bosmina longirostris (the most common species found), 
Cyclops bicuspidatus thomasi, Daphnia galaeta mendotae, 
Daphnia schoedleri, Diaptomus novamexicanus, Chydorus 
sphaericus and Kellicottia longispina. Daphnia schoedleri 
was the only species found in all the watersheds. The other 
four species were found in at least 11 of the 15 watersheds. 
The distributions of these species did not seem to be 
limited by any of the morphometric or chemical parameters 
that were tested. Kellicottia longispina was in all the 
watersheds except for the Umpqua. Cyclops bicuspidatus 
tbomasj was not found in the South Coast, the Umpqua, and 
John Day watersheds. Diaptomus novamexicanus was not found 
in the Rogue and Owyhee watersheds. Chydorus sphaericus and 
Dapbnja ~aleata mendotae was not found in John Day 
watershed. In addition, Q. galeatae mendotae were not in 
Goose/Summer watershed. Bosmina longirostris was not found 
in Umpqua, Malheur Lake, Malheur River and John Day 
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watersheds. If a. longirostris is indicative of eutrophic 
conditions, then it should be found in the above watersheds, 
which all contain eutrophic lakes. These species absences 
may be due to insufficient sampling and to sampling error. 
The retention of the net is assumed to be 100 % but in 
reality is between 40 to 80 % (Rawson, 1956; Patalas, 1971, 
1975). Some of the watersheds had very few lakes sampled. 
The species might have been located if more lakes had been 
sampled in each watershed or if more samples had been taken 
from each lake. 
Members of the next group were found mainly in the 
eastern part of the state. Diaptomus ashlandi, Diaptomus 
forbesi, Diaptomus sicilis, Ceriodaphnia acanthina were 
never found west of Cascades. Keratella guadrata was found 
in two western lakes, the rest of this species distribution 
was eastern. Other species were found in only eastern 
Oregon but were rarely encountered. Examples are Alona 
QUadran~ularis (found in two lakes) and Daphnia retrocurya 
(found in three lakes) 
The third group was found mainly in the western part 
of the state. These species are Cyclops vernalis, Eucyclops 
agilis, Diaptomus hesperus (only along the coast), Diaptomus 
franciscanus, Epischura nevadensjs, Dapbnja parvula, and 
Leptodora kjndtjj (though may be under-sampled). 
Some species seem limited in their distribution to 
lakes located in higher elevations (1450 m) in the Cascades 
and in the Wallowas. These are Diaptomus kenai, Diaptomus 
tyrrelli and Eubosmina bagmanni and perhaps Daphnia rosea 
and Holopedjum gjbberum (though believed to be limited by 
water softness). 
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There is little to say about the distribution of the 
30 uncommon species. The very fact that they were uncommon 
makes any interpretation of their distributions difficult. 
They may be under-sampled or limited in distribution due to 
some physical or chemical parameter. Artemia salina is only 
found in hypersaline water, and many of the other rare 
species are littoral species. 
In this study there were two species reported for the 
first time in Oregon. They were Djaptomus mississjppiensis 
and Diaptomus palljdus. Diaptomus mjssjssjppjensjs occurred 
in only Cleawox Lake and fr. pallidus was found only in Agate 
Lake. Cleawox Lake is a very popular recreational area on 
the coast. Agate Lake is mainly used for irrigation but is 
also used for fishing. These species were the only 
diaptomid species present in their respective lakes and were 
the dominant copepods in these lakes. Since each was only 
found in one lake, it seems likely that they were recently 
introduced. 
SIMILARITY INDICES 
Coefficients of Community show similiarity of 
zooplankton communities using presence-absence data. For 
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this study, CC seems to be the better index of similarity 
than PSc, which uses percent abundance. The pair of lakes 
with the highest PSc had only one species in common out of a 
total of nine species. This one common species was 97% of 
the species assemblages in both of the lakes. As Whittaker 
and Fairbanks (1958) discussed, the dominant species can be 
overemphasized by using percentage similiarity, such that 
differences in over-all community composition are obscured. 
They related a small number of species (13) and found PSc 
worked out well. With the larger number of species found in 
this study (74), PSc did not accurately indicate relative 
community composition. Using only presence-absence data, 
similiar community structures are more clearly shown. 
DIVERSITY INDEX 
The Shannon-Weaver diversity index measures both the 
number of species per lake (richness) and the abundance of 
the species (evenness). When the diversity index was 
plotted against the number of species per lake, a strong 
positive relationship was obtained (Figure 1). This 
indicates that the variability in species diversity is due 
to the richness, not the evenness (Sprules, 1975a). Sprules 
showed a strong relationship between species number and 
species diversity. A quadratic equation was found to give 
the best fit to the data in the present study. This would 
seem to indicate a plateau in the relationship such that, at 
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higher numbers of species, the addition of species does not 
have the same effect on species diversity. 
Species diversity (measured by number of species per 
sample) was regressed against physical and chemical 
parameters. Four of 17 parameters were found to explain 
18 % of the variation in the number of species per lake. 
The four parameters were surface temperature, chlorophyll a, 
potassium and magnesium. Warmer temperatures are more 
favorable for algal growth (Wetzel, 1983) which in turn is 
favorable for zooplankton growth. It is therefore not 
surprizing that chlorophyll a also is related to species 
number. Chlorophyll a is a measure of the amount of algae 
present (standing crop) and an approximate measure of 
productivity. The total variance explained by these four 
parameters was not great. There does not seem to be any 
single overriding cause of species diversity as found in the 
acidified lakes in eastern North America (Sprules, 1975). 
RECURRENT GROUP ANALYSIS 
Samples in this study were taken from a more diverse 
species assemblage than is common when RGA is applied, such 
as acid stressed lakes in Canada (Sprules, 1975b). Thus, it 
not surprising that the association values were lower than 
others have described in the literature. For this study, 
0.40 was chosen as an acceptable value for meaningful 
association. An example will show the reasoning. Daphnia 
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schoedleri was found in 77 (= Na) samples. Cyclops 
bicuspidatus tbomasi occurred in 86 (= Nb> samples. They 
co-occurred in 40 (= J) samples. This is over half the 
total samples in which ~- schoedleri occurred and nearly 
half the total for Cyclops bicuspidatus thomasi. Their 
association value is 0.44. Fager and McGowan (1963) defined 
0.50 as the minimun value for affinity. They believed the 
species should be found together in at least half their 
recorded occurrences if they were to be considered 
associated. By using the criterion that two species must 
co-occur in half of the samples of each, the example above 
is significant. Therefore, declaring association values in 
excess of 0.40 to be significant is entirely reasonable for 
the species in the present study. 
This index emphasizes the more commonly occurring 
species. When Nb (the number of occurrences of the more 
common species) is much greater than Na (the number of 
occurrences of the less common species), it is possible that 
a significant species association might not be revealed. An 
example of this is Diaptomus franciscanus (found in 17 
samples) and Daphnia galeata mendotae (found in 86 samples). 
The former occurred with the latter in 13 samples. This was 
three-fourths the number of times that ~- franciscanus was 
found, yet the association value was 0.28, which is not 
significant. 
Many of the associations were one way. For example, 
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Diapbanosoma leucbtenbergianum is associated with Cyclops 
bicuspidatus thomasi (0.40), which in turn is associated 
with Daphnia pulicaria (0.47). But Daphnia pulicaria is not 
significantly associated with Diaphanosoma leuchtenbergianum 
(0.20). 
Host of the species that showed affinities were the 
more common species found in the study. Of the 14 species 
that did show significant associations, nine were the 
species found in the most samples. They were found in at 
least 49 samples. The remaining five species occurred in 16 
to 46 samples. 
The first two recurrent groups of Figure 3 (Diaptomus 
novamexicanus, Cyclops bicuspidatus thomasi, and Daphnia 
schoedleri; and Daphnia galeata mendotae, Bosmina 
longirostris, and Kellicottia longispina) contain the most 
commonly occurring species in this study. They are found in 
all lake types and do not seem to be limited by any of the 
measured parameters. The third group (Daphnia rosea, 
Holopedium gjbberum, and Diaptomus tyrrelli) seems to be 
found more often in high-elevation oligotrophic lakes. They 
do seem limited by some physical or chemical parameter. 
COEFFICIENT OF INTERSPECIFIC ASSOCIATION 
Host of the associations found by RGA were also found 
using this measure (Coles' C7). Only two species pairs were 
not significant using C7 which were significant using RGA. 
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These were Cyclops bicuspidatus thomasi and Daphnia galeata 
mendotae, and Paphnia galeata mendotae and Bosmina 
longirostris. The other associations were found to be 
significant by both RGA and C?. The C? method found 
uncommon species associated with other species while RGA did 
not and therefore grouped more species together than did 
recurrent group analysis. This is one advantage to using 
the coefficient of interspecific association. Another 
advantage of this method is that a perfect association 
(1.00) is possible. With RGA, a value of 1.00 is highly 
unlikely because of the correction term for number of 
occurrences. 
SUMMARY 
This study covered the entire state of Oregon, 
sampling lakes of all types. The list of zooplankton 
species identified in this research is the first of its kind 
for Oregon.. Two species were recorded for the first time 
in this state. These were Diaptomus mississippiensis (from 
Cleawox Lake) and Diaptomus pallidus (from Agate Lake). 
Lakes were compared on the basis of their similiarities in 
the zooplankton assemblages, using both presence-absence 
data and abundances. Presence-absence data was more 
reliable for use in this study because total number of 
individuals per sample varied greatly from lake to lake. 
Zooplankton diversity was compared to physical and chemical 
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parameters. Diversity does not appear to strongly depend on 
any of the measured parameters, at least over the range 
encountered in these samples. Zooplankton species 
associations were found using two methods which group 
species that commonly occur together. Both methods grouped 
the common species in about the same manner. RGA associated 
the most common species with each other, while Cole's C? 
also grouped less common species. 
This study identifies lakes and areas that have 
interesting and unusual zooplankton assemblages and 
relationships. This study will serve as a data base for 
further research on the distribution of zooplankton in 
Oregon lakes. 
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APPENDIX A 
The following is a list of species occurrence, grouped 
according to watershed. Each lake sampled is listed across 
the top of the page. The species found in this study are 
listed down the left side of the page. If the species is 
found in a lake it is marked by an X. 
Lakes are identified by abbreviations, which are 
listed below by watershed. 
MIDCOAST SOUTHCOAST (cont.) 
Clw Cleawox Eell Eel 7/27/83 
Clrl Clear 5/12/82 Eel2 Eel 8/5/81 
Clr2 Clear 11/19/82 Flo Floras 
Col Collard Garl Garrison 8/3/81 
Dev Devils Gar2 Garrison 5/4/82 
Eck Eckman Gar3 Garrison 11/22/82 
Mer Mercer LPC Lower Pony Cr. 
Munl Munsel 7/20/81 Ntn No. Tenmile 
Mun2 Munsel 5/1/82Ave Sau Saunders 
Sitl Siltcoos 5/12/82 Ten Tenmile 
Sit2 Siltcoos 7/28/83 UPC Upper Pony Cr. 
Sutl Sutton 7/19/81 
Sut2 Sutton 5/1/82 WILLAMETTE/SANDY 
Tahl Tahkenitch 7/29/81 
Tah2 Tahkenitch 5/3/82 Ave Averill 
Tri Triangle Bigl Big 8/29/81 
Woal Woahink 5/2/82 Big2 Big 7/21/83 
Woa2 Woahink 11/20/82 BlR Blue River 
Woa3 Woahink 9/7/83 Bre Breitenbush 
Cle Clear 
Cou Couger 
SOUTH COAST Det Detroit 
Dex Dexter 
Bea Beale Dor Dorena 
Cro Croft Elk Elk 
WILLAMETTE/SANDY (cont.) 
FaC Fall Cr. 
Fis Fish 
Gal Gold 
Hag Henry Hagg 
HiC Hills Cr. 
LaC Lava Camp 
Lea Leaburg 
Los Lost Lake 
LoE Lower Eddeeleo 











UpE Upper Eddeeleo 
Wall Waldo 8/23/82 











Losl Lost Cr. 9/5/81 




































































































































































































Wall Wallowa 8/1/82 
Wal2 Wallowa 6/24/82 
POWDER 
Ant Anthony 
Bal Balm Cr. 
Fis Fish 
Phi Phillips 
Thi Thief Valley 
Uni Unity 
Wol Wolf Cr. 
MALHEUR RIVER 
Beu Beulah 
BuC Bully Cr. 
Cot Cottonwood 
Mal Malheur Res. 
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Billy Chinook (8/24/82) 
Billy Chinook (11/5/82) 
Billy Chinook (5/21/82) 
Blue Lake (7/21/82) 
Blue Lake (7/22/83) 







Clear (Hidcoast, 5/12/82) 
Clear (Hidcoast, 11/19/82) 
Clear (Willamette/Sandy) 
Clear (Deschutes, 11/4//82) 




















Billy Chinook (5/21/82) 
Billy Chinook (5/21/82) 
















Lake o' Woods (9/11/88) 
Dorena 





















































































































Upper Klamath (8/22/82) 
Billy Chinook (5/21/82) 
Lower Eddeeleo 

















































































Lake of the Woods (9/11/81) 
Lake of the Woods (5/19/82) 










Lost Creek (9/5/81) 
Lost Creek (7/14/82) 
Lower Lake 
Lower Eddeeleo 
Lower Erma Bell 











Lower Pony Creek 













Lake o'Woods (8/12/82) 
Suttle (5/25/82) 
Lake o'Woods (9/12/81) 
Jubilee 
Mink 
Devi 1 (Kl am a th) 






























































































































































Rock Creek (Malheur Lake) 
Billy Chinook (11/5/82) 
Bump head 


























































Rock Creek (Deschutes) 













































































































































Upper Klamath (5/18/82) 
Upper Klamath (8/22/82) 


























































































Billy Chinook (8/24/82) 
Billy Chinook (11/5/82) 
Billy Chinook (5/21/82) 
Blue Lake (7/21/82) 
Blue Lake (7/22/83) 







Clear (Midcoast, 5/12/82) 
Clear (Midcoast, 11/19/82) 
Clear (Willamette/Sandy) 
Clear (Deschutes, 11/4//82) 










































Lower Pony Creek 





































































Eu wan a 
Fall Creek 
Fish (Powder) 























Lake of the Woods (9/11/81) 
Lake of the Woods (5/19/82) 


























Lake o'Woods (5/19/82) 
Blue River 
Ollalie (9/4/81) 





















Fish (Malheur Lake) 
Clear (Midcoast, 5/12/82) 
Lost 


























































Lost Creek (9/5/81) 
Lost Creek (7/14/82) 
Lower Lake 
Lower Eddeeleo 
Lower Erma Bell 








































Rock Creek (Deschutes) 
Elk 
Howard Prairie 








































Clear (Hidcoast, 5/12/82) 
Chickahominy 
Clear (Deschutes, 9/4/81) 































































































Upper Cow Creek 
Upper Klamath (5/18/82) 
Upper Klamath (8/22/82) 
























































Upper Cow Creek 
Balm Creek 
Obenchain 
River Mill 
Tenmile 
Woahink (9/7/83) 
90 
88.8 
70.4 
74.3 
65.6 
72.9 
87.3 
61. 3 
38.8 
90.3 
77.0 
68.3 
62.3 
14. 3 
40.0 
68.7 
86.7 
84.4 
93.8 
65.6 
82.6 
82.6 
61. 5 
57.5 
68.6 
73.4 
55.8 
49.4 
71. 8 
56.2 
85.3 
79.2 
59.1 
90.3 
78.4 
87.3 
72.1 
80.5 
65.0 
68.1 
58.3 
73.2 
63.2 
77.1 
68.7 
31.4 
31.4 
31.4 
77.6 
70.7 
82.2 
58.8 
78.1 
Woahink (9/7/83) 
Wallowa (8/1/82) 
Wallowa (6/24/82) 
Woahink (11/20/82) 
Wallowa (6/24/82) 
Rabbit Valley 
91 
78.1 
78.7 
84.4 
